The effect of miniaturization on the static and dynamic characteristics of hard disk drive suspensions and disks is investigated. Mechanical scaling of dimensions is discussed and the shock response of the head disk interface is evaluated as a function of the disk form factor.
INTRODUCTION
The growing demand for storage is accelerating the development of small form-factor hard disk drives. Early studies [1] have shown that a reduction in the dimensions of the suspension spring reduces vibrations of the actuator/suspension assembly. Many mechanical design aspects of small form factor disk drives are influenced by the size of the individual components and special attention must be given to the dynamic performance and shock response of small form factor drives. This paper investigates the influence of size reduction of individual disk drive components on their static and dynamic performance and discusses mechanical "scaling laws" useful for the design of future miniaturized disk drives.
SUSPENSION MINIATURIZATION
The suspension of a hard disk drive can be modeled as a beam clamped at one end (Fig. 1) . 
where E is the modulus of elasticity, ρ is the density, L is the length, w is the width and t is the thickness.
To investigate the effect of miniaturization, we reduce all dimensions of the suspension beam in Fig. 1 by 50 percent. (L min = 0.50L, w min = 0.50w and t min = 0.50t). From equations (1) and (2) we observe that the stiffness of the miniaturized suspension is 50 percent of that of the full scale suspension, while the natural frequency is twice that of the full scale suspension. Thus, miniaturization improves the static and dynamic characteristics of a suspension.
The above predictions are in excellent agreement with numerical calculations shown in Fig. 2 using finite element analysis. We observe that all vibration modes increase with decreasing dimensions, confirming the theoretical trend predicted by equations (1) 
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DISK MINIATURIZATION
The stiffness and resonance frequencies of a rotating disk are given by where ν is the Poisson's ratio, h is the thickness, ρ is the areal density, Ω is the angular velocity and b is the outer disk radius; P 1 is the frequency of a rotating membrane disk without bending stiffness and P 2 is the frequency of a stationary disk with bending stiffness but no centrifugal forces. P 1 and P 2 [4] are given by
where ω is the rotational frequency and 2 2 22 1.928 3(1)
Reducing all disk dimensions by 50 percent (b min = 0.50b, h min = 0.50h), we observe from equations (3) and (4) that both the stiffness and the resonance frequencies increase. Thus, miniaturization of disk dimensions improves the characteristics of the head disk i nterface. Results from finite element calculations, shown in Fig. 3 , confirm this trend. 
SHOCK RESPONSE OF THE HEAD DISK INTERFACE AS A FUNCTION OF FORM FACTOR
To evaluate whether the improvements in the characteristics of miniaturized suspensions and disks is reflected in a better shock performance of the head/disk interface, we have studied the shock response of the head disk interface as a function of the disk drive form factor using finite element analysis. A model for the shock investigation is shown in Fig. 4 . The head gimble assembly is connected to the base structure through rigid elements. The hard disk drive is given a speed of 0.99 m/s towards the disk surface which causes the dynamic response of the head disk interface.
As can be seen from Fig. 5 , the head/disk separation due to a given shock load decreases as the dimensions of the disk drive are reduced, i.e., the characteristics of the head disk interface is improved, in agreement with our previously discussed analytical predictions. 
CONCLUSION
Miniaturization of disk drive components is beneficial for both the static and dynamic characteristics of individual components as well as the shock performance of a disk drive.
